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KFFICIbllCY OF AX XLXG'^ROW 'OTTirilOR 



Tntrodjctlon. 

The eloctron multiplier 1 g a dovico which ufclllrcs the 
} henomena of secondary omission for rnaltij lying a cinrlo el>‘C- 
tron into an avalanche of electrons , Through a suitable am- 
plifier and scaler It gives results similar to tho Goigor 
iruollor CO inter. Since no rrar is roquirad, it opcT-ton in a 
vacuum, no vrindow need bo Interposod botvoen tho source and 
the rcultlplior when tho instrur.ont is used jn conjunction with • 
a Beta ray sroctrometer . Rirthoi oro , sec'^nviery ei itters are 
rost efficient for incident electrons having energies on the 
order of 400 to 800 electron volt?. Therefore, the electron 
multijlier should bo particularly useful for detection of e:<- 
tiOmely low energy electrons. The writo"^ j roposos to use it 
for investigation of the low energy end of Beta ra.^ spectra 
with Klee and U, Fooro \v)io aie working on the source 

3 roblem and the apoctronieter 3 roblar, 

Jnliko tho Goigor counter w: Ich Is c'^nsiderod to h'-vc 
nearly 100 ;^ efficiency for all electr'ns that have nufficiont 
energy to penetrate the window. It is not exjocted that tho 
electron multiplier will bo equal I v as efficient at all ener- 
gies, It is necessary to find out wnat ti.ic efficlenc.v is as 
a functl n of oiiorgy prirT<rily « 

-.Itj, the aid of "n electron gun nr roijco of oloctrous, 
it i' jlanned to mo/«ruro the input 0 ^rront utilizing t)ie ccra- 
}.lGto electron niultiplior aeser’bly as a Fs.radny (/a'"o, "^hen 
wlun tiv.i electron n ilcijlle. in Its convent lonal joIo, it ir 
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plarm-Dd to obtain tho cointlnf!; rate for cokj arlron. In o'dor 
to obtain any dcgroo of acjurac./ it to necemary to orj.loy a 

very oenaltivo current moaouring dcvlco and a vo y fart coiort- 

ing circuit. 

It was doomed a posritility that an aj.jrocinble jorontage 
of tho incidont oloctrons might esoapo bach our, of the c-ge. 
This would serlo isly impair the accuracy of input current moog- 
uroments. It w r therefore noconsoi'y to invor-tigate electron 
scattering theory and oxrerimenncl work in order to nako come 
ertimate of the number of olectx'ons lost. 

Investigations into the chai*octo.t ictica of oloctron rmlti- 
j.lioiF, the design of ronrittvo '.urrent mearurlng ciroiltn, 
the scrtteiing of aloebronr at various onergloa, tho pLononona 
of secondary oraisoion, and tho dosign of oloctron guns, indi- 
cate that the nethod i-ropocod for determining the efficiency 
of the electron multlpllei' ic fonriblo. however, tlie rosultr 
will probably not be an uccurnto for onor.'ieo b- low about 
twenty kll 'volts a? for onni’glos above twenty kilovoltr. 

This paper Is n stusv ary of the invoetig tioas rado and 
the conclusions drawn from triore invo timtionso 
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Secondary Ailsslon , 

The actual rreclianics of rue ^ndnry ooicslon Ir nob vor^ 
well undorctood. The o oration of the electron ; -ilbirlior 
is raped on the fact taut rome raaterialc, under certaLn conui- 
tions, oplt or nany a« ten soconda' inn for a pinrle Incident 
electron. For nost of those iinuoj-ialn the ma<lr:an nirlor of 
socondarica is ersittod for Incident electrons ran*‘ixjp in energy 
from 'iO to 800 olectron voles. 

As may be S 0 ',n from Fig. 1, tahan fr n Ovon-PIarr 1 con- 
prehensiva article (H-Ci) on secondary emission, the l'‘'nocic 
energy of the secondcries is usually aiti or vory or als' 

very cl -so to the energy of tho incident olertrons. Tii© ) ar- 
ticular curve is producod by 15r volt: jjrliSQrios, but tho 
general shape holds between 20 and 10 , 0 on volts for rost j uro 
laetels and so: e allots. Feah A is produced by elastically ro- 
floobed electrons while the remainder of tho curve roprorents 
the true second uries . Tho percentage of true pecon i ■trie'; to 
eflectod secondaries increases steadily wit inc: iaslng energy 
to abo It lOOxi volts after whio • It falls off again. Pig. P, 
also from Owen-Harrios (H-3) shovs how different materials 
compare in the number of second ries (total includin' reflected 
and true secondaries) emitted for various energies of Incident 
electrons, ^’ig. 3, taicen from Allen (A-7, A-®), Is tlie same 
type of curve for Borylliu-'a Corper alloy. Those graphs cop- 
blned with Fig. 4 from Tr ui} and Van de Granff (T-1) indicate 
that secondary onianion is no> si./niflGant for cost riatorial: 
for incident electrons of about two or three thois.'md volts 
and boyon' . That ip, t'^io nultiplication facto; dro s to c'.o 
or lorr. 
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ri<s-3. Multiplication OF Co ALLoy M Uhacthiatfp $)AcTiyATep 




Fig. 4. Secondary emission of electrons by electrons with 
energies up to 340 kv. 



At this point, }io«over, It shoulc' bs not-^d t)<- t the aj - 
porntus xtliici' Tru:?]) nnd Von do Granff used measured the sec- 
ondaries for prir.arier strlkinr at an aiiflo of Insidonco equal 
to zoro, Althou/c>i up to several hundred vo"'ts ernrry the 
nultirlication factor apj.oars to bo indoj.on-i ont of the wiivl** 
of incidonco, nt hitr:jor oner/-'i'? this doc'> hold trio. At 

an an tlo of incidence of zero the least number of pocondarl-^s 
is obtained j or primary and at ninot/ o;^reo incidence the 
Muxiirium, Ac an extreme oxample see Fif, 5 f rom V* oodward • a (»'-l) 
viork with 1,B0 f-'dV eleitrona on various materipls , 

It ir a) j nront that in working with electrons ot enerfrlec 
bolow two kilovolts it woul'^ bo very desirable to koo]' away 
from materials th'^t are good secondary onittoia for source 
chambirs, for chamiol walls of tho spectromot'^r, for baffles 
and so forth. 

In accord witii the usual rerversity of nature, secondary 
emission is a nuisance when not wanted but difficult to obtain 
when desired, A process of aotivation is required in order- to 
obtain the optitnum multiplications sho-n in Figs. 2 and 3, 
Zworykin, a pioneer in the electron nultipllor field, 
found (Z-5) that AgMr alloy has many docirablo charactoristics 
as a secondary emitter. He found thar; he coAld, b;. one method 
of treatment, obtain an oxtrenely high rate of recon<^aiy or’lc- 
slon, but it wo -Id last only a few hours, taperinr off raj idly, 
V'ith another typo of treatment ho ’-o il^ get a lower initial 
multiplication factor but the factor war constant for more trsn 
a t ousand hours of use. 

Dr, Allen >ho had used Boj-ylll im plat id dynodor in his 
multipll -src for several years chanced ov r to DeGu al.i oy 
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(r.i Bo by irelrht) alto' tvjo invop Gil., p (G-^J 
and JJathoa (17-17) indicated that a m iltlplicacion facto* of 
ton ViP yonsible with it. 

lIoivQvor, Allen loarnod by exj.(3ri. Qnfcinf with vario-is heat 
treatrconts ch«t a multiplication groat -.r than foir was very 
difficult to arrive at, the maximur .1 boinj-* 5.5 vif a cliithtly 
oxidized sample (A-7). Alien used vacuon firirik;. Dare and 
Rowan (D-1) used vacuum firing u .3 icces. fully on thoir Allen 
tubes but found hydrogen firing satisfactory. 'V. /], ??rli. ht 
who has constructed two modified All'^n tub is at s*IT for garr’a 
ray detection h.as also used hydrogen firinr to his satirfac- 
tion, T. V. Hahn, Jr, has built covoral nodi^iad Allen tubes 
for ion dO’.^ectlcn in the Polocular Bonn Lab, at S'STT and hoc 
obtained satisfactory results with vacuuc: firing. A} . arontly, 
the igh, no ono has been able to obtain a multi] lication avorage 
j or stago oL an assop.bled nulti] lior much greater than throe 
unlng cither method of firinr. 

All workeis a<^ree ohat tre multiplication factor drO|.s 
steadily with timo of exposuro to the atnos])here after acti- 
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7ho lectr'^n yultlplier » 



Bad: in 1919 ..loiiui p*tontod a **hot c-tho-'e Cub^' t>int 
©►.l-loyad S5ccn'Jary or.iooion for nplificntlon pi.rj-onos. It 
used ra-.gnetiG fields for ohannellmr the olectrone. Eut it 
was not uutil the raid-thirties th.*t the first multirllesB 
appro chins practicability, tho ”L” and ”T” ty]oos of Zwory- 
kin {Z-1, Z-C), were built. 

It vr^s soon found tliat eloctrortotlc fields wore superior 
to n»snctic fields for charmelinK tho oloctrons frora one yto'o 
to t-'-je ne.Yt. Z* orjkin concontiatod on th^' » tyj e end event i- 
ally ^"VOivad what is nov the 9B1A Ihototubo. It is nn elec- 
tron Kultiilior in which tno fiir.t staro is i.iioLorensit Wo , 
tho electrons vhicn tho first stago araits boinp nultlpliad 
by a eoricr of sta.?os of secondary oraitslnp irestari'o , 'py.e 
stages or dynodos a: a shaped to got tho tost focusing offoot, 
wnllo the j otontiol batweon than is ficli th-.t the nocond^i io*- 
ortitted are accelerated to the onorgy that givos tho pro tost 
r iltipl ication factor, 

J'ore rocontly Allen (A-l,P,b,4,b,7,0) working ui th' a 
flel- found that Dorylliun was not onl * a good onittei b it 
that it }i«d Q hifdi woi'k fimction rooking it. insensitivo to 
light j hotona, "iven nore l:p ortant it ha<^ nocrllgiblo dark 
curr'^nt, a soriouf d laa v -ntopu of tho Borylli u-? Lf 

sensitive to X-ray , Garans rnya an ’ to charged - aitlcloe. 

Allen designed '•n electron r^ultlplior wit a of 

stage* of Bo. To find the ?’ont suitoblo she* o an: arron^'o- 
nont for his d^nodea, ho used the noohunlcal nnol "y 

(»>o- F-4); that In, he bailt S'l cxperirontal net of dyn'^de* 
so tnat vdv^n placed on end th- cro-. In hol'~!‘it l'Otv.*’o:i s iccep- 
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nlve dynodo? war i,rof optional to tho j otontlal to be jl'.ced 
betreeii tlion. Then a rubber slioet ’• •s stretchod over thin 
asrc'iblj. }3y observing how a small steel brll rf»acted in 
travellinff along the membrane and then changing the orienta- 
tion and/or the sha^e of the dynodes to get better perfomance 
lie arrived at the dosirn used in his multipliers. As pre- 
viously mentioned ho lat03 substituted BoGu for Be. This soeras 
to have all the advantages of Bo on’ in ad.’ition is avoiloblo 
coinrc: cislly in a suitable form. A version of this Allen 
tube ic to be used hj the writer in hir research. 

Dare and Rowen (D-1) wero the first to build this type 
at MIT. Tho dynodos which they used were m..do from vies shaped 
to Allen’s specifications. The dies are avail ble in the NS 
tmd SL machine shop. The edgoa of the dynodo sheets woro 
crimped ovor nichromo wire which actod both as conductor and 
supjort. Richroine wire is hard to ooldor, howex’er, and Hahn 
h.«5 boen using Nickel wire to much better advant ge, 

Allen used l-.xVlto as a support for the orientation and 
spacing of tho dynodes with respect to each other, Lovite has 
tho advantage that as obtained, it is soft, easily drilled and 
shaped. It boconos h rd after proper baking procedure. The 
dynodes hove to be activated separately if hydrogen firing Is 
used. If refiling \ ith the hydrogen method becomes necessary, 
tho assembly must be disr nntled or the lavlte will lose its 
insulation properties. Dare and Ro- on turned to ?iicalox to 
avoid this difficulty, but it has tho dlaadvanta''*o that it is 
vor\ hard and is difficult to drill, etc. F3oth Hahn ^nd \Ji-ight 
are exporlt.enting with mica as a second alternative. 
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7h3 dynodo asiei»bly is no anted on four of tho i'ovar 
outlet loods whicn act as supi orting j illurs fron the base 
jl'-tO. 

^ great deal of difficulty has been oxj«*riencod In seal- 
ing tho boro j^late. The loads throuirr the b .so j late are at 
potentials '«hlch ru fron zero to 4500 volts or nore. In 
the past, Kovnr seals isado by a glar.rblower in the I'^ii Lab 
at MT have been used; in tho soldering process, ho over, 
the seals have often broken bocauro of the difference In ex- 
pansion coefliclonts of the glass and the Kovar oyolet. A 
good deal of progress was r.iade in inj roving th.o design to 
eliiTilnace this • eakness. An even bettor solution seens to be 
to use a coirKsorcial gloss seal s ich as th';t nanufacturod 
by Stupakoff, available in tho NS and iX stockroon. In the 
Dare and Koxion tubes the seals wore soldered to tho b'oe 
plates on tnc inner or vocuot! side; it isould aproar better 
to co'd'r then from the outside, thus taking advantage of 
the pressure dlfforonce to aid in tno sealing. 

Dare and Ro- en used a one-half inch tube ith a ninety 
dc-gr o bend in it for connecting the n.iltiplier to the vncuun 
] unp. Dr, Clark of the Synchrotron Laboratory eugge-rtod 
thot a one inch tube vrith no bend ^7ould givo Kuch bettor re- 
sults, fjio bas« plate h^s been redesigned with this in nind 
as wall as tho idea Oj. using tho tubo as rupj,ort lion thv? 
instrtunent is counted outside the vucuiu” tank bein.'r bailt by 
EIog, Ad just.'T.ents were >lso node so ti-st it *111 be relative- 
ly evsy to install in, and to rrnove from, the Vicuum tank. 
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la or3-3~ to jiovlde tho pro] or voltane to eaoa djnode 
it is nooesar; that a voltage dividor bo U33d •cron* the 
poTi’cr sap.. Ij, Dare and Rowen used a throe raorohn resistor 
bet-oen stages by-pass»4 with a .03 nfd condenser to ellml- 
nato CO cycle ham ani so forth, FI’', 6 shows nllen’s ar- 
rangeiont. Dahai has been usinr ten moaoioB r -slstors between 
stages. In addition, Kah^i ha? elinilnated nost of tie loads 
throagn tno ; as« plate an? roducid corona difficultior by 
installing hit roBlstors inside tl>? vacuum, lie dij^ oc thor 
i-i acetone to reocvo the j.alnt prior to installing and he 
reports no difficalty in obtaining a good vacuam. Because 
the writer nas to short all his dynodes togobhoi- wiian using 
th^ multiplier a* c F n adny Cage, it will not be possible 
to elir-inato the leads thro igh the base jlato but it 7/ould 
bo feasible to eliminate the loads from tiie base plate on 
out, a serious source of corona trouble in the rnst. 

As used by Dare and Rowsn tho nultiplioJ had a CTlin- 
dr'cal ‘'can*^ as a housing '.vith a windo' located in tho b] - 
propiiato I'ositlcn for tl^c incident paruicler to venetrato 
to tho f^rst dynode. This is t.' o manner in wnioh tro writer 
pi *na to use tne malolplijr in p^ ell« nary c ,stc. However, 
used in tho vacuiai tank being constractod b;, I'l^e, tho 
window will to removed and ti.e boo » installed vacua?, y Ipe 
v*ill be blaii!’'ed off. 

Dero and Rc'^en used j , ooitively gr' indo^ power suj.jly, 
Txiorefore, the firs., a'o of t o olevC.Ton nultiplioi had to 
be at -4500 volts w’^.ile the o tj ut ’jiio.ie «fas gro.ui4 j oton- 
tial, i*oi safety's paVro, if no oohnv^ th*' "can”, bire .1 tT, 
OwC. ho« 'n be wc f round p'^tontlnl. This mean. ch*t nn In- 
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cidont electron woil'l lo subjected to ^ din?? field of 

450'"' volts. Therefore, the rcinlnura energy of inoidene oloc- 
trona which would registoj would bo 4500 volts. ?ince e are 
particularly Intoroatod in the lov7 enorgy Dotn rayr, this 
would bo a sorious handicap. Hence it was decided to au^loy 
0 no/'ativoly groundo Q OW SI S ^ 1 « 

There appear to -.c several other advantages to using a 
neg&tivoly grounded jowo: cupj.ly for the Allan Tube when 
using it as a Beta ray detector. 



(1) Lower llxcit of energy of Beta particles detected 
practically zero. 

(2) Since the "can^ v/ill bo at the same p'^tontial as 
the first stage, background due to positive ions 
formed within the electron multiplier should be 
negligible . 

(5) Pulses should be larger and efficiency gr-.-^tor. 

P'ron the construction of the Allen tube it Reoius 
quite conceivable that with tho previous arrange- 
rcont the potentl il gradient between tho first scage 
and tho "can” near tho ’.>'indow was greator th.on 
the potential gradient between tho first and second 
stages. In a xch an event nany of tho secondaries 
produced in tho first stage “oula fail to roach 
the second stage, thus greatly roducing botJi the 
gain and tluo efficiency of the nultlplier, 

(4) Beta rays would lose no energy in entering tho 
raultipllor. 
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The one dioadvantaro usln,'^ negative |.*roiA:'i' ri/r 1« tJ. t 
since the output is at a hi.-’h patentisl tho al'^n. J has to i:’s 
rela^i'Qd through a high voltapo coupling condensor. Since 
the inf/Ut caiaclty of nost aitj llfloro is on the c cl-j' of ten 
jriicroinlcrofarRda, a loos oJ only nine percent in gain nil?, 
result if wo use a 100 microiGlcrofarad condonsei* for co’ip- 
ling. With an input grid resletanco of 10>< the resoDving 
tli';o will ho on the oi*dei of a nicrosacond which shoiild bo 
sufficient for the present roquirorcents. 
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I«oasur-ing Kigali Currants « 

The amplifier built by Daro and Ro on (D*>i) for urc 
with the electron multiplior was desit’ned to handle bott'.r 
than 1C® counts ^ er BOcond» The writer inten's t--* use tna 
SGXiiG amplifier. The recolvinf* time of the niultiplioi' it.*«olf 
is on the ordoi- of lO”*® seconds. Incidentally, thic fthort 
resolving tijr.o is another of the electron nultlplier's ad- 
vantages. The resolving tlr.o of the inj ut stage of a con- 
ventlon'il scaling circuit le on the ordor of throe to five 
niorosoconds A safe estimate of resolving timo 

from the nultipllor tiirough the coupling, } reany lifler, an- 
plifior, and into the scalar appears to bo 10 seconds. 

But the real limit on maxiruir. number of counts is tho relay 
used to actuate the mechanical counter in the scalln/ cir- 
cuit, as uell as the number of flip/ flop stages in the 
scaling circuit. Slnco the relay Unit ir about thirty 
counts j er 'rdnuts a u096 scaler will have a resolving tlrse 
of about 50 ■ microEOOonds or pej-mlt a maximum counting rate 
of 200 > pel' second which correspondJ to a current of 5.2x10“^® 
ainpiares. V/itn this scaler it is expect ed th it the pulses to 
the register be nearly evenly spaced. Ha>ui uses a 

’’Cenco'’ register which is ca] able of recording about 20 
cycles per second. V-ith such an arrangement, counts corres- 
ponding to about 1x10“^^-^ aiJiperes could be rogioterod. 

For doternining the office oncy, two types of iustruiDients 
ax's capable of measuring currents this small, the electx'o- 
motor and axi electronic moasurln ■ circuit uslru' an Fi -04 
The DtxBridgo balanced circuit usinr two Pr-54s is 
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Electrode eyttem and metal tube shell of a IS-stage tube 
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th<-. Moc,t eoucltlvo of olr< oloctronlc c'.rc li 9 (!>•", ji -4) 
and l3 C ‘'n3iderably iroro ra.r/jed *.n an lo* ronatar . Ono 
of tne /3;alv«moinotor.'' available in the .‘'ynohrotron ’'abo'atery 
was found to be satl afactor,, if used in conjunction t7it)i 
t'.ls circuit alonf' '^ith a ldO,0 0 oJirn Ayrton Shunt, o'! so 
available. 

FI 3 . 8 is a dia^'raBi of the circuit which the writer in- 
tends bo om]_loy. The calculations my be found in Ai^ondlx 

A. 

Thto Unit of sonsibivlty for this tyne of circuit, when 
usin;; the rate of change of charge rasthod, is the fluctua- 
tion in grid current « On the basis of manufacturers’ clains 

- 1 7 

for the tube, this fluctuation is 10 arii.orcs. A current 
of 3.2x10"^'^ anporas vould be noasurablo to within 5;^, a cur- 
rent of SxlQ-^^ sinperas to within .03**» 

rtill gr-''rter accuracy would be possible 'it' u sjllt 
Fr-34 (L-5)» Tt uses a single cathode for what amounts to 
tv'o FF -543 in a clnfle envelope, This, wuon o’.iployod in a 
suitable bridge circuit, ellninntes the variations due to 
the fluctuations in filar.ent emis;. iun, vhich Is one of the 
oauses for the present lliait in sensitivltj . Hewevor, this 
tube is not ovallablo comiorcially . 

It is planned to enclose the entire DuBrirtge ciicuit in 
a pr«ctiCEll., airtight r-»etel cnee r,o ollralnate vStrny electric 
and magnetic fiel effects, as well us t<^ r 'duce tho effects 
of atmospheric oranges on tho injut resistors anc' the loahage 
over tl*e tube onvcloje’s surfaces. Care will have to used 
In asf ambling tho circuit not t'^ touch the injut rocistors 
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or the fjrlasp envoi o, o vitn the barf3 lumda, circuit and 

gp.lvpnociator vlll have to be nountod with res].oct to the 
floor so that nicrophonlcs will be hold to a nininur!. 
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'Jloctron scifcterinp onbe c ths j robluw of soLanaininf! 
thj 2 iulfcl}llor •fflcl'^nc.y bocouno in using tho eloct7*^n 
i'laltlr 1.1 or as a Ksralfiiy Cago, if som*. of bhe electrons EhoulUl 
oscaio back out tho oyening, a brao neasure of Inyit 

current will noG bo obtained. Honco, !■; beconos nocos.“ury 
to kno:» what pcrcontaae of the olootrons ai'O lort at the 
various onsrgios from 0 to 100 kilovolts, 

.iloctron sofi'Gt --ring bo clnos.lfiod into four divi- 
sions 

(1) Elastic scattering b,r ntor.ic electrons, j. articu- 
Inrlj rronoonced for very ooft Beta rays, 

(2) Elastic scattoring by atoidc nuclei also pronoimced 
for soft Beta rays. 

(3) Inelastic collisions with electrons for Beta rays 
of internedlnts energy. 

Inelastic collis-lonc of nwift oloctror.s v;ith atonic 
.nucloi, 

rhvs ccattoring foi*nula of Kott (t'-lO,!.'’ ,1' ,13) see \p- 
pendix B exprossus the relationshij between scattoiod nlt?c- 
trons and incident electrons foj very thin foils (s-^ngle 
scattering) and for fsat elootrons, Tlio formula h->s boon 
found satisfactory exj erL’ientally for relatively sxaa 1 angles 
of dofloction (an,glQ between direction of incident electron 
and its direction of deyarturo) by tho w'^rl of Van do Craaff 
ot ai (V-3 ) and Duool.ner ot al (D-G), fornulu dooa not 

hbtJ uil^ a ''entzel's crlterloii it* a tlr'ied r-lf). 
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' mtKol'o deco/ninos the boundurv 

scatter In*: ani ri-ilti} lo acautor lnp^ 

,'*'»ll;l^la ecatiei ’nf oycui-o r.ost st er ill o de- 

floctSrni and lea*t kj lai’^e of doflen'*^! >n* '.foudatlt 

and ffvundorson (G-D « )Q Ar pondijc 0 mU C. J. 

{V'-Y, ') nave clevolp^iad oxnrosnlenr. fo ;:h) nAl" l;:le scnfcl:or- 
iiiE oi' electiona in thin 3oth foi’nilsi? have boon 

foano to be in good agreement 'th oxi:c; iraan.t by Kulchiteky 
and Laytsliov (1C~5)» Thosa tv.'o fomulaa arc not as oxj licit 
as th<3 i'ett fornula. The criterion for dotorrdning tlie uc- 
c iraoy of tlie inalfcljlc scattering forsriiae lo to congsro 
nax froa tiin formula jjid the oboervod nax v.horo taax 
ia the anglo oorrea’. ondin^' to tho nont j,,robablo valac of 
sin and Is a rnoasur^ for the widtla of the GaUvOsion c-.rvo 
sin io the root. Ion vdiich the electron as- 

nimsB aftor having boon oenttored, 

>’lg. f) di O’??.** ?*hat hap},onc ’.rhon the condit -^nc found at 
the entrance vrlndois are substituted in the !iott fornultt. 



Alfchou,gn. the rocults axpear startling for fc.'ic lo’.*er,t. enornias. 
It must bo pointed out tint the Mott fornula t'-aa not ■’ntindod 
for tl.o*e low enorgiooj furthor, the tnrgot ia "o thlc’- that 
"hntJiol's crltor.l'"'n Ic not sotlrfled oven for t-e juiglo of 
dofloct-lon of 



eiff.a 10 dumonctrates the resale a obtair.Qd v.*it)i Goudsinlt 
and brundci non’r formula for t»7o different acts of conOi- 
tior.3* rinco the fomnula rerulr*?? r.oirondre functionr f''i’ the 
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5e^l^:,ction and t)3a t-^bl ; available (r-7) n’en*. only 



to 0''®p ro result? could be oltained in the lo-'O region In 
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which VO are }:nrticalnrly intororto:', 

Tho mahjoct wa» dlrcxiscod with Dr, J, F. ' ondfard, Jle 
jointod out that t: lc» tarpots preaont '• very 00^^11 lioated 

problem in ele ctron ccatterlnf^ and aa yoL no sntisf pctor.y 

\ 

theoretical worh e.-istr on tho nubjeot. Ho has, however, 
done 80 H 1 Q oxperinental work in this fiold v/iiic}i has not yet 
boon iUblisJied and kindly nndo the graphs of Flpf . 5, 11-15 
available « 

The spocolar effect Dr, Woodward observed is particu- 
larly interesting. In tho electron nuitli.lifjr t .e average 
angle of Incidence In ti'.e first dynode I? about 70°, There- 
fore, by far tho greatest niurhej of electrons will bo ro- 
flectod onto the next stage, at least for the case of 1,08 
Mev Glectrona, From the apponranco of tho copj-;or curve a 
small fraction will bo reflected back at -70°. 

There doosn’t apj oar to bo any oxporlmontal evidence 
for this specular effect in tho region bolov, nor any 

ovidaice ag<a .nst it, since the work has usually bean done 
with thin foils and. not with thick targets, 

Cchonland (S-13) investigated tlie region O-lOOf^V for 
the relative aiaounts of cathode ra., a absorbee, trjuisnlttod, 
and rofloctod for vario is tiiic^nersec of a number of c.ler"ont 
For electrons of angla of incidence n° there is on ujpei 
limit for tho percentage of r‘oflectod (angle of deflection 
greater t}ian oq°) electrons. It is reached when the target 
is thick enoug h, to stop all electrons from going, t) rough. 
Fig. 1 ^ is a cojii arison of gome fo gchonland'c data rlth 
that from -oodward in Fig, 15, kood’»ard used very thicb 
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tar;?ots and wont to imc hlf’hor onergios* "^hic d? ta dooe 
not Inolado S0Gond»5ri0v'’ , felnoe jrocauti'^na v.oi»' tal^on to 



1 . rovont PGCondorlos fi’on enterin-y into the nono arenont? 

Based on this inforaatlon the exjeriptmtal nonna c 
in 17 has been devised for noasoring the n'laber of 
electrons lost directly. 
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:,iectron Guru 



Oripinp.lly It wnf , uo iso tho ol ;ctron i^-m 

adapted fr<m « D-Uiont bR} cauiio ‘Q ray tuba by An'*fltooian 
and 5’ftocftnbauKh for tliOir t oslo. Todiflcationr vould hsvo 
to b« naclo In order to u-e .t for 0112 ’ purpoj'or, 31nco it 
focuses tiio eloctronr to a very snull area. It wo.ilo be 
nocoQsary to swoop th*j boon over tbe dynode in order to 
] revent a type of fatlfme observeo by Allen (A-7). A pro- 
li .’inary design of s^oop circuit hpo boon prej a) or) in tlio 
event that It slio aid boooiTio neoeosuiry to revert to t>iln e- 
leotron gun for efficiency roar- irorontn, Dofocualnr is also 
feasible for this p>urt oso. 

It soonp dosii*able wlion uolng any apparnta? to tost it 
as a unit, if possible, rat)ior ttu»n piocenoai. hecauno of 
the bulk of irost ty^ os of e .octi’on guns and t]»e high vol- 
tages :^nvolved, however, it did not nppeaj- feasible bo use 
one with the spoctronetei' under Gonsideratlon. Dr* Getting 
called attention to tho typo of gun intended for use in tl-o 
Gynchi’otron, It ap] oai n equally naitablo for o n j.nr] osef , 

A sketch of tho gun i)roposed for uee In the vncuun tank is 
shown in Fig* 10* 

'Die orifice is sinall 'n order to hold doi n t'*o nunbor of 
electrons ejected froxn tho ifu •« It is ho^ o*) t)> • tho energy 
of tno ©loctrons will . 0 si j’ond ov-sr a snail ■ snn' th'-.t 
the *.o>-*baim inagnet will xoavo ruf f •. cietjfc oontrol *nd flexi- 
bility "O fcn* t, if nocorrsry, a portion of t.’ e b*i*id wldtli 
nay b;> cut outo Voi’littio.i of flle'"«jnt cur m t will give an 
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additional noano of control. 

fijo j.otontia- of tlio fil»«inont will f.o v/^.ri'*d viiti 
resj'OCt bo ground to j iovido tha dorlrert accoloratS.nt? 
voltage. 
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Povor Sur'^llon. 

Two JO’ S' sai.pllop njiil 00 n'JCdssary, ')nii f-'v t^'S 
electron jsaiti^-li-^r .Itself and one for the oloctr-'n 
Tno writer h-i* b ’lit . s^itpblo supply for the olecti'on 
raultiijlior, soo Pl^> 1^. Tlse dosiftn was irovided In tbo 
o:ain by Di* Gl-?rk. It a' 3- bo usod either f-oEitlveH 3* rr-undod 
or negatively giv.u led, tli« change beln^^ p*5rfor*v:od by .•aeiely 
exchanging two sets of terrriinMls* 

For the electron gun there Is a Weptin/diouso X-ray 
unit avallcblo In the Inboratoi'y whic* will j rov de olttor 
jooitlve.y or nogativeli gro?indod voltagor frora aoi’o to 
oeventy-flve kilovolts. It ir'ny bo josnlble to r’.onsnre tro 
efficiency >it oven liigher vnitoges by aeing a 1 O kilovolt 
l.iulfio generator now being built in the Synchrotron I.abora- 



tory. 



M ^ ma IXI« IMH ^ 

..^ *d^ ^ mm^ yts •t*i44fi|^ nmffU 

norsetmim ^ %t/% Uf<#^ 94irssi^ • aiUiI »«i *ci 

«i«f MMfn #«« 4^ t«V «««tX^A«iAM 

Wlrntmm wil» li^tt W 0 I ^ §t UH«id ^gr 

\X 0 ^ y 0 MiM •« ^•rUflsao ^ 

Tt •J*« e«f piling 

VMnOtl^iCMP ^ •’WM M M^f#^ Mf 
lirtiig aAlTot*} lCl«^io« fj fJMf 

0 # vMi %%4iaX«« &UD»*tigi ^ tkmwitbkptj, 

mdti wun»mm i» fiiitMM »«r^*f|»»^§ 

■ jsmr 

«X«v«iXH A<l i «iM 'k# 4M9I^ iiiflW iMi fk tmiam* 
««Wa| mjf Ht llJp^^tKinl fW 



«C«*< 
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Ono point standn out* If tiw ' o -t • o;* factor j:or 

Dta,'.o of tho olectron i». iltij ll^ir c n be l/icr»Ai*.>d to »ay 
five por stago, the iscfulnoss of tho nultij; oulf bo ^n- 

croj?«.d concidorably* f. JCi a factor 'Joor not a} j e.-tr to bo 
iiapoaelblo in view; of tl.o results of Kathos ana' G^lloo* 

It ooeits very probnbio that tao BoOu alloy usod by thara had 
seno additional impurity that tho Arnorican product does not 
have. It may be t'nat soito other type of activ-»tion vill 
^^,ive better ros ilta. (D-;5, P-4) Purthor invaativ'-tJ on alorif; 
this line is planned* 

Reducing tho tii e of assenbly nftor activation nhould 
improve tho nultiplicaulon. It is p/lnnnod to drill on tho 
nothod of arsoiTxbly before heat treatlnp and aseojiblin.^ tho 
first tube in order to reduce the a.esonbly ti: o. 

Dr, Allen has- dotorMlnort t;.o efficloncy of oie of hie 
tubes • ^ s Rota rnj detector (A-7) for electrons vip to six 
kilovolts energy* The results are s o n in Figs* 20, Fl, 
and Fi « 'Kie ac -urac.y of hie noasarorento n'o e j lur or nines 
10>» Tho Injiover.ont in efficiency for twice the or'r'lnpl 
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. Counting rate as a function of 
the average voltage per stage of a 13- 
electrode multiplier tube. Energy of the 
electrons entering the tube is 900 volts 




^ Discriminator bias curve for 

500-volt electrons. A counting rate of 
900 X 64 counts per minute represents 
100% efficiency of detection 



Part II 



ABSTRACT 



Two electron mtiltlpliers -were built. The first included all 
the design changes proposed in Part One of this report. However, it was 
found that the design was far from satisfactory for elisdnating corona. 

A second multiplier was biiilt with further modifications to attempt to 
eliminate the difficulties. A preliminary test indicated that although 
this multiplier was leas noisy than the first, the noise was still 
intolerably high. Circumstances did not permit further investigation 
or work on the pro;Ject but it is probable that the noise emanated from 
corona discharge in the preamplifier. 
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PART II 



The Ifficlency of an Electron Multiplier Tube 

The purpose of and the problems involved in the determination 
of the efficiency of an electron mviltiplier have been set forth in Part 
I of this report, which was submitted in September 19U8 before very much 
experimental work was done. 

An Allen tube was built but the design was modified with these 
considerations in mind: 

(1) The fiiTst dynode would be at ground potential while the 
last was at about liSOO volts positive. 

(2) In order to reduce the possibility of corona, the resistors 
between stages forsiing the voltage divider were placed inside the 
electron multiplier where they would be in the vacuum. 

(3) Since the multiplier was also to be used as a Faraday Cage, 
it was considered necessary to bring out a lead for each dynode so 
that they could all be shorted together to permit the electrons col- 
lected on the dynodes to be measured along with thjse collected on 
the cage walls, 

(li) A ready made Stupakoff eyelet of approximately the sai^ 
dimensions as the Dare and Rowen specially constructed eyelets were 
used in the assembly, 

( 5 ) Since Dare and Rowen had considerable difficulty with 
vacuum leaks around their eyelets, the eyelets were mounted from 
the outside of the baseplate rather than the inside. 
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(6) Ibe size of the flange at the base of the shell Tras in- 
creased to perarit drilling an additional row of holes for bolting 
the multiplier to the beta ray spectrograph. 

(7) lb reduce the pumping time, the size of the tubing at the 
base of the multiplier was increased from one half inch to one inch. 

The machining was done in the Nuclear Science and Engineering 
Laboratories machine shop. 

It was originally planned to use Kicalex for the supporting 
plates as Dare and Rowen had done, but the machine shop reported extreite 
difficulty in drilling the material. Consequently it was decided to 
change to mica, which was known to have worked successfully for 'A'. E. 
bright and T. M. Hahn, Jr, 

In order to cut down the time the dynodes were to be exposed to 
the atmosphere between beat treatment and the time they actually were put 
under vacuum, the time of assembly of the dynodes in the supporting plates 
was reduced from 30 minutes to 5 by drilling in the procedure. It was 
foiind that two cm. of the extending nickel wire was the optimum length for 
assembling quickly. Having all the wires cut to the same length and two 
centimeters long, was a considerable factor in speeding up the assembly, 

Kihile the parts for the multiplier were being machined a pre- 
amplifier was built- for coupling to the high voltage output lead of the 
electron multiplier. 

It was small and compact and designed for Boxinting directly be- 
low the electron multiplier. It was modified from a design by T. ’""imett 
for use with a photomultiplier. See fig. 23, 

Ihe characteristics of this preamplifier along with the ampli- 
fier unit built by Dare and Ro-wen were examined. Fig, 2h shows the response 
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of the combination with a given signal. The preamplifier alone was found 
to have a gain of three. 

It is evident that with even two of the stages of the Dare Rowen 
axiplifier cut out the amplifier is overloaded with an input pulse of seven 
volts amplitude. 

It appears that when the amplifier is overloaded very much it 
acts like a blocking oscillator. This is a serious drawback particularly 
when a scaler with a fast resolving time such as the 0, E. Decade scaler 
is used, since it will count pulses such as that of fig, 2Ub as two pulses. 
A ringing of large amplitude gives additional pulses to the scaler which 
is sensitive to pulses greater than ten volts in amplitude and has a 
resolving time of about 10~"^ seconds. However, since it is doubtful that 
the largest pulses from the electron smltipliar exceed one volt, there 
would be little "over-pulsing" with one of the stages cut oujt. Data was 
taken in an attempt to ascertain whether or not Dare and Rowen *8 Allen 
tube was generating pulses of such large amplitude that triple and quad- 
ruple pulses were being generated where only one should be recorded. Ap- 
pendix D shows the table of data taken in a sertes of ten one minute runs. 
The number of single, double, triple, and quadruple pulses registered in 
each minute period while observing the background coxmt of the Dare Rowen 
Allen tube is recorded. 

The data was first treated as though each multiple pulse was 
actually a single pulse and the "Chi test" for random! city applied (See 
E-li). Next the data was tre.-ted so that the multiple pulses counted as 
so many single pulses. The results from the first test were such that 
the data may be considered satisfactory in terms of randomicity if the 
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multiple pulses are considered as singles, that is, the value of 0,85 
for P is well within the llMts of 0,02 and 0,98, But by the second 
treatment much better results were obtained since the value of P comes 
out which is close to the optimum of ,50, Thus in all probability 
there was no overloading of the Dare Rowen Amplifier by the Allen tube. 

As mentioned in }'art I of this report, it is essential that a 
scaler of fast resolving time be used irtien comparing the number of out- 
put counts with the input current, since it is desirable to be able to 
measure a current of ICT^^ amperes with an accuracy of 1 A standard 

Schmidt type scale of sixty four was built in the Nuclear Science and 
Engineering Electronic shop to be used in series with the General Electric 
decade scaler. Since the 0, £, is a scale of 100, when the two are com- 
bined there is a total scale down of 6i;00 to one. Since the Schmidt scaler 
is not quite as fast as the 0, E, it was placed after the G, £, scaler. 

The Allen tube is a type I counter (E-ii). That is, it is not 
deadened to a succeeding impulse idiile one pulse is in the process of 
being recorded, A current of 10"^5 amperes would give us a true counting 
rate of about 5000 counts per second. Taking the resolving time as 2 x1Ct 7 
seconds, the actual counting rate will be 

n s He” where N is true counting rata 
T is resolving tiirie 

for N n = N(l-N ) = 5000 (1-5000 x 2 x ICT?) s 5000 (1 - 10r3) 
or there will be a statistical error of lAO of one per cent between the 
actual counting rate and the true coiinting rate. This is negligible com- 
pared to the error of three or four per cent expected in the input current 
measTurement to be made by the Compton electrometer. 
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Originally it was planned to measure the input current with 
a balanced DuBridge circuit. However, on the advice of Professor Not- 
tingham, who also offered to lend the necessary equipment, it was planned 
to change to a Compton electrometer as a measuring device. Professor 
Nottingham pointed out that although the DuBridge circuit provides for 
stabilizing for variations in supply voltage and so forth, actually the 
FP-^I(8 themselves are more unstable than the items the circuit was de- 
signed to stabilize. 

The eyelets were mounted in the base of the electron multi- 
plier by a glassblower in R.L.E. glass blower shop, who heated it in an 
oven, applied the soft solder and dropped In the eyelets. Three eyelets 
had to be replaced due to cracks developing in the glass. When the base 
and tube shell were assembled, a small leak around one of the eyelets 
Tras fo\md but it was easily stopped with a daub of glyptal. 

The beryllitaa copper dynodes were sanded with three grades of 
fine sandpaper and were degreased before hydrogen firing. They were hy- 
drogen fired at 600° C. for ten minutes. From the time of coB5>letion of 
the firing until the dynodes were assembled in the sideplates, all joints 
soldered and cleaned^ and the assembly placed under vacu\]K,one hour and 
fifteen minutes elapsed. Pressure dropped slowly over the next twenty- 
four hours to 10-5 mm of mercury. It was allowed to remain over the 
weekend after which pressure had dropped to 2.l»xlO“6 san of mercury. 

When voltage was applied the pressure rose to about ICT^ mm 
and gradually dropped again. 

The Dare Rowen amplifier was set with all stages cut in and with 
the biases F-1 and F-2 set at volts and volts respectively. The 
output of the Bare Rowen amplifier was lead to the first stage of the 



decade scaler and the decade scaler set for 100-1 reduction; its output 
was fed into the Schmidt scaler. 

1 background count of anywhere from 30,000 counts to 60,000 
counts per minute resxiltea for Ii,200 volts on the oxiltiplier. 

Fig. 25 is a typical curve of the noise as a function of vol- 



tage. 

Several weeks were spent in attempting to track down and reduce 
the noise sources. Considerable noise developed even with no voltage on 
the multiplier. 

Also, Dr. Getting pointed out at this time that there was a 
basic fault in the construction of the multiplier, in that there was no 
resistor independent of the power supply condenser across which the signal 
could be developed. Correcting this entailed the labor involved in instal- 
ling the six kilohm resistor shown in fig, 23 between the U.5 Kv power 
supply and the collector electrode. 

On the assiiKption that the noise was due to corona, the glass 
eyelets and the base plate were thoroughly cleaned with acetone, then 
Cercsin wax was painted on with a brush, 

Ttie dynodes were removed from the mtiltiplier, the solder was 
cleaned off all joints and the entire assembly including the mica plates 
were degreased and again hydrogen fired to 650° C. for ten minutes. 

After assembly and pumping down, the voltage was applied again 
and the background rate was found to still be extremely high. 

On the assumption now that the noise was perhaps due to causes 
other than corona, other possible sources were investigated. 

Eventually, at different times, all of the following were found 
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to cause background noise: 

(1) Noisy preamplifier tube 

(2) Bad coax cable from preamp to amplifier 

(3) Preamp case not grounded properly 

(Ij) Input to preamp not shielded 

(5) Input shield not grounded 

(6) Poor connections in preamp 

(7) Poor connection between preamp and multiplier 

(8) Poor connections in electron multiplier 

(9) Poorly regulated power supply 

Even after correcting all these faults, when the voltage was 
put on the electron multiplier the background count was still large. 

With the failure of all attempts to eliminate noise in this 
electron multiplier, a modified design was sought which would further 
eliminate edrona. A base plate was designed and machined which had in- 
stead of the previous 13 openings for eyelets only four. These four were 
arranged to provide the support for the dynode assembly. Only two of the 
regular Stupakoff eyelets were usedj two two-inch glass insxxlators were 
used in place of eyelets for the high voltage terminals. 

With this construction there ih no provision for shorting all 
the dynodes together, but it is believed unnecessary to be able to do so. 

Ihe multiplier nay be considered a series of condenser plates with resis- 
tors between. The capacity between plates is estimated to be about 100 
micromicro farads. Since the resistance between the plates is three megohms 
the tine constant will be 300 microseconds or with a reasonably steady 
influx of charged particles the system should come to eqvdlibiium in one 
or two milliseconds permitting true input current to be measured practically 
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immediately, "niis does not take into consideration the capacity between 
the dynodes and the shell, but the effect of that capacitance can largely 
be eliminated by connecting the last dynode to the first and the shell. 

This modified election multiplier was found to be noisy also, 
but only about half as noisy as the previous one. There was no oppor- 
tunity to conduct further experimentation, but it is believed that most 
of this noise could be reduced by rearranging the preamplifier so that the 
high voltage connections between the preamplifier and electron multiplier 
are reduced to a minimvon. For example, the coupling condenser might be 
mounted directly on the electron mxiltiplier base. 

Fig. 26 is a photograph showing the arrangement of the equip- 
ment. 
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Appendix D 



Chi Test on Dare Rowen Electron Multiplier Data 
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